It has been pointed out by BOVERII), LOEB2), and GODLEWSKI 3) and others that one of the most striking phenomena which immediately succeeds fertilisation of an egg is an enormous increase in the mass of nuclear material. Thus GODLEWSKI has shown that whereas in the unfertilised egg of Echinus the ratio of the total volume of the cell to the volume of the nuc]ear material is 550:1, in the Blastula stage the volume of nuclear material has so greatly increased that the ratio of the total volume of protoplasm to the total volume of nuclear material has fallen to 6:1.
been suggested by LOEB that one of the chemical phenomena wich underlies and accompanies this enormous increase in nuclear material is a synthesis of nucleic acid1). This view receives further support from the fact that the unfertilised eggs of hens2), silkworms3), and fishes 4) contain only traces of preformed nucleic acid, although the embryos which develop therefrom contain notable quantities of nucleic acid.
If it be true that the first stages in the development of the egg are accompanied by a synthesis of nucleic acids, since these substances contain a considerable proportion of phosphorus, being, in fact, complex phosphoric acids, we are led to inquire from whence is derived the phosphor'us which is necessary for this synthesis. As LOEB has pointed out~), in the case of echinoderm eggs, it is not derived from phosphates in sea-water, since cell-division and development will readily occur in an artificial sea-water which contains no phosphates. It is evident, therefore, that the phosphorus required for nuclein synthesis must be derived from some constituent of the cytoplasm of the cells. This constituent might conceivably be a phospho-globulin, or else some other organic phosphorus-containing substance, for example, Lecithin. Since Lecithin is notably abundant in embryonic tissue and diminishes as the number of cells and nuclei increases, and also diminishes during the process of spermatogenesis in the salmon, ]~IESCHER 6) and LOEB 7) have suggested that the splitting of Lecithin affords the necessary supply of phosphorus; the fatty acid groups in Lecithin being, at the same time, the possible source of the carbohydrate groups in the nucleic acid molecule, while the cholin which must be set free in the decomposition of Lecithin may possibly be the chemical agent which causes celldivision 5).
The validity of this hypothesis, in so far as it applies to the development of holoblastic eggs, has been called in question by MAS~G 2) who fails to find any appreciable increase in the nucleic acid content of Echinoderm eggs (Arbacia pustulosa) during the early stages of development, and by SHACKELL 3) who not only fails to detect any increase in the nucleic acid content during the development of the eggs of Arbacia punetulata, but also fails to detect any diminution in their Lecithin-content.
Upon carefully examining the data presented by MAsi~o and by SHACKELL and endeavoring to repeat their experiments4), we were shortly forced to the conclusion that several very serious sources of error vitiated the analytical results obtained by these observers, and that, in consequence, the conclusions presented by them called for more extended investigation.
Briefly expressed, the most important criticisms which may be urged against the experimental data which are presented by MAsI~(~ and SHACKELL are the following:
MAsI~ fertilised the eggs with excess of sperm in large shallow vessels. Directly fcrtilisation-membranes had formed upon the eggs, the sea-water containing the eggs uniformly suspended in it was divided into two parts. The eggs in one part were allowed to settle and then were immediately centrifuged and extracted with hot alcohol, while the remainder were allowed to develop in shallow vessels, so that the developing eggs formed a single layer, for from 9 to 12 hours before being extracted with alcohol. After extracting the eggs with alcohol and ether to remove the phosphatids (phospholipines) the nucleic-acid phosphorus in the residues was determined in the following way: The residues were extracted for one hour with 25 times their mass of lO/o hydrochloric acid, in order to remove all water-soluble phosphorus; the slightly swollen powder was then salted out through the addition of from 20--250/0 MgS04, the fluid syphoned off, and the residue washed several times with acid magi) T. BRAILSFORD I~OBERTSON, Arch. f. Entw.-Mech. Bd. 27. 1909. S. 29; Bd. 32. 1911. S. 308; Bd. 35. 1913 32* nesium sulphate solution, alcohol, and ether. The nuelein-phosphorus in these residues was then determined by the method of PLIMMER and SCOTT1), while the purine bases were determined by the method of BumA~ and HALL2).
In the first place it will be evident that the fertilised and undeveloped eggs which were analysed by MASmG must have been contaminated by a considerable excess of sperm. MAsI~G expressly states that each egg was surrounded during fertilisation by a large number of sperm, and no suitable endeavor was made, it appears, to remove the excess of sperm from the eggs before analysing them. Mere sedimentation followed by centrifugalisation would not suffice to secure this end, for although after membrane-formation, the sperms have become detached from the eggs, yet for some time succeeding membrane-formation, the sperms are agglutinated in very large clumps 3) a proportion of which settle along with the eggs. In order to avoid this, it is necessary to wash the eggs by repeated sedimentation. After the lapse of from 9 to 12 hours, however, when MAsmG collected the partially developed eggs, the spermatozoa are no longer agglutinated and are dispersed throughout the sea-water. Hence MASING'S ,fertilised and developed, eggs probably contained a considerably smaller excess of sperm than his ~fertilised and undeveloped,, eggs. Since spermatozoa contain an abundance of nucleic acids, this fact seriously vitiates MASI~G'S conclusions, and in fact, his quantitative data conspicuously reveal the influence of the variable excess of sperm upon the nuclein-content of his preparations. Thus MASI~G finds that unfertilised and undeveloped eggs contain 3.6 Mg. of nuelein-phosphorus per 0.1 G. :Nitrogen, while fertilised, undeveloped eggs contain 4.1 Mg. of nuclein-phosphorus per 0.1 G. Nitrogen, and fertilised, developed eggs contain fl'om 3.7 to 4.5 (average 4.1 Mg. of nuelein-phosphorus per 0.1 G. :Nitrogen. The apparent decrease in nuelein-phosphorus in some instances during development, which is revealed by these figures, is probably attributable to the fact that the fertilised and developed eggs were less contaminated by excess of sperm than the fertilised and undeveloped eggs. If this be true, then the fact that the average apparent content of nuclein phosphorus and purine bases in the fertilised and developed eggs was the same as the content of nuclein phosphorus in the fertilised and undeveloped eggs indicates, in reality, an increase in nuclein-phosphorus and purine bases accompanying development.
In the second place, we have convinced ourselves by a large number of experiments that it is practically impossible to secure normal fertilisation and development of sea-urchin eggs by fertilising them in a large volume of sea-water and then' allowing them to settle in a single vessel. Overcrowding of the developing eggs leads to insufficiency of available oxygen. Even when the eggs form a single layer at the bottom of a shallow (1 cm. deep) layer of water, if the eggs are sufficiently close together to be in contact whir one another, only a proportion of the eggs develop and those that develop do so in an abnormal manner and ultimately undergo cytolysis. Now MASISG expressly mentions that in his ,fertilised,, eggs ,Ein betr~tchtlicher Teil der Eier hatte keine Membrane gebildet, wohl weil die Suspension der Eier in Seewasser zu dick war~. Under such conditions, we have never been able to obtain normal development of more than a very small percentage of the eggs. The remainder either do not undergo development at all or else rapidly undergo cytolysis. It is for this reason that we have abandoned the method employed by MAsmo and SHACKELL, of dividing the eggs, after fertilisation, into two equal parts and comparing the absolute amounts of constituents of each part, and have preferred, as described below, to determine the relative proportion of different phosphorus-fractions in unequal masses of eggs.
In the third place, it will be observed that MAsI~G directly treated the wet eggs obtained by centrifugalisation, with hot alcohol. In our experience we have invariably found that this procedure results in pronounced eytolysis of the eggs, with the result that the alcoholic extracts are cloudy and contain substances which are not truly soluble in alcohol but which, under the conditions accompanying the extraction, form suspensions in alcohol. Thus it is not safe to assume, as MASING and SHACKELL assume, that the extraction of wet eggs with alcohol removes only alcohol-soluble phosphorus containing constituents (phospholipines).
Finally, MASI:NG'S method of extracting alcohol-soluble constituents from the eggs was not by any means sufficiently thorough. The eggs were simply suspended in six times their volume of 960/0 hot alcohol and after 12 hours the alcohol was syphoned off and the extraction repeated three times with hot alcohol and three times with hot ether. :Now we have found that even after 12 hours' continuous extraction of the eggs with boiling alcohol in a Soxhlet apparatus, additional pigment can still be removed from the eggs by an additional 12 hours' extraction, and this is true whether the eggs, at the beginning of the extraction, were wet or dry. We have furthermore found that even after 12 hours' extraction of dry eggs with boiling alcohol in a Soxhlet apparatus, alcohol-soluble phosphorus can still be extracted from the eggs. We find that not less than 48 hours' and preferably 60 hours' continuous extraction with boiling alcohol is necessary to secure complete removal of the alcohol-soluble phosphorus from dry eggs ~).
Turning now to the experiments of SHACKELL, it is evident that in greater or less degree the criticisms which attach to MAslNo's data are also applicable to his. The method employed by SHACKELL was as follows :
The eggs of Arbae~ punetulata were suspended in 2000 e. c.
of filtered sea-water and fertilised by the addition of a small amount of sperm. The eggs were stirred and oxygen was continuously bubbled through the suspension. After the first cleavage had occured, 1000 c. e. of the suspension was measured off and allowed to settle. The remaining eggs were allowed to develop for five hours, reaching the early blastula stage. The eggs were then centrifuged and, without washing, were cytolysed with successive portions of distilled water (25 to 50 e. c. portions) until the combined filtrates in each case equalled 700 c.c. It was assumed that by this proeedure all water-soluble material had been removed. The residues were extracted with successive 25 c. c. portions of boiling alcohol until the volume of the combined filtrates in each case amounted to 400 c.e. The residues were dried at 60 ~ C. and digested 4 days with 150 e. c. of a 0.2o/o pepsin solution in 0.40/0 HC1. The digests were filtered and washed with cold water, and the phosphorus in the residues estimated.
It will be seen that although S~IACKELL'S eggs were probably less contaminated by sperm than MASlNG'S, yet this source of error was not completely excluded. Provision was made in SnACKELL'S experiment for an adequate supply of oxygen to the developing eggs, but SHACKELL'S method of extracting the alcohol-soluble constituents from the eggs was even less adequate than MASlXG'S. The prelimit) The great difficulty of completely extracting alcohol-and ether-soluble phosphorus from tissues has also been emphasized by other observers. Cf. M. KU~tttGAWA and K. SUTO, Bioehem. Zeitsehr. Bd. 8. 1908. S. 212. nary extraction with distilled water, employed by SHACKELL, was very faulty, for not only was the extraction of water-soluble constituents far from being sufficiently thorough, but lecithin is well known to form stable colloidal suspensions in water from which the lecithin cannot possibly be removed by filtration. It is for this reason that we have considered it absolutely necessary that the first extraction to which the eggs are subjected should be the extraction with alcohol, otherwise the watery extract will contain lecithin and a portion of the alcohol-soluble phosphorus will be erroneously estimated as water-soluble. Moreover, the procedure adopted by SHACKELL would lead to the presence of a proportion of the nucleic acids (especially for the nucleic acids which are combined with protein) in the water-soluble fraction, and hence the pepsin-indigestible phosphorus fraction in SHACKELL'S experiment does not represent the whole of the nuclein-phosphorus in the eggs.
The method which we have employed is as follows:
The eggs obtained from the ovaries of from three to seven females of Strongylocentrotus pu~Turatus were freed from mucus by repeated sedimentation in filtered sea-water and decantation of the supernatant fluid. They were then fertilised by a small excess of sperm, and the proportion of membranes formed determined in a small sample. In the first of the experiments cited below, this proportion was 970/0; in the second, it is 850/0. After the formation of membranes, the eggs were divided into three approximately equal parts. One third of the eggs was allowed to settle, and the supernatant sea-water syphoned off from the subnatant suspension of eggs. This: suspension was then mixed with ten times its volume of M/2 RINGER'S solution and again allowed to settle, the supernatant fluid being then syphoned off. This washing with RINGER'S solution was repeated four times and accomplished the removal, not only of the excess of sperm, but also of the phosphates present in sea-water. The entire process occupied a period of less than one hour. The thick suspension of eggs obtained after the last washing was then mixed with 10 grammes of a mixture of equal parts by weight of Na2S0a and CaS0a and dried on a water-bath, stirring from time to time. The drying occupied about two hours, at the end of which period the mixture had formed a dry friable cake which was pulverised, returned to the water-bath for about 15 minutes and then placed in a dessicator over H:S04 at room-temperature for two or three days.
According to PIRKUS 1) and ROSElqHEIM 2), this procedure does not cause any appreciable change in the composition of the tissues. Before employing this device, we attempted to bring about rapid drying of the eggs by many other methods, none of which, however, proved nearly so satisfactory as the above.
The remaining two-thirds of the fertilised eggs were distributed equally among from 60 to 80 shallow glass finger-bowls, each of which contained about 50 c.c. of filtered sea-water, and were allowed to develop. Under these conditions development as far as the blastula stage is normal; in the course of the further development to plutei a certain proportion of larvae may die or exhibit pathological appearances, but, as will shortly be evident, these were excluded from the material analysed.
After about 24 hours at normal temperatures (10 ~ C. to 15 ~ C.) the eggs have developed to blastulae and are just about to become free swimming larvae. At this stage one-half of those which had been allowed to develop were collected from the finger-bowls by means of pipettes and were washed 4 times with RINGER'S solution in just the same way as the undeveloped eggs. They were then mixed with 10 grammes of the sodium and calcium sulphate mixture and dried on the water-bath.
Two days later the remaining larvae had developed to early plutei with distinct skeletons. The sea-water containing them was decanted, leaving behind any dead or pathological larvae which had sunk to the bottom; in this way only vigorous, swimming larvae were selected. The entire volume of sea-water which contained the larvae was then centrifuged. The thick suspension of plutei thus obtained was diluted with 8 times its volume of RINGER'S solution and again centrifuged. This was repeated four times. The final suspension of plutei was mixed with 10 grammes of the sodium-calcium sulphate mixture and dried on the water-bath.
The egg-and blastula-preparations were thus obtained in the form of finely-divided yellow powders. The plutei-preparations were violet coloured powders.
The analyses were carried out as follows:
The powders which were obtained by the methods outlined above were placed in SOXHLET extraction-thimbles 8 cm. high and i) S. N. PINKUS, Journ. of Physiol. Vol. 27. 1901. p. 57 31/4 cm. in diameter, and extracted in a SOXHLET apparatus with boiling alcohol continously and at a brisk rate for 60 hours. The alcohol (measuring about 250 e. c.) was then removed from the receiver and, so far as was possible with the aid of the syphon, from the chamber containing the thimble. The alcohol was then replaced by distilled water and the SOXHLET'S returned to the sand-bath. The water was turned off from the condensers for about two hours to enable the steam to drive off the remaining alcohol from the eggs; cold water was then cautiously turned into the condensers and the powders were continuously extracted with boiling-water for 48 hours.
The alcoholic extracts were absolutely clear, free from sediment, and deep yellow in colour.
The watery extracts were slightly opalescent (owing to the presence of proteins) and in the first few hours of extraction foamed very slightly. :No difficulty in continuing the extractions was experienced on this account, however. The alcoholic and aqueous extracts were collected in separate KJELDAItL digesting-flasks and evaporated. The alcoholic extracts were evaporated to dryness by plunging the flasks into water, taking care that the level of the water was above the level of the alcohol in the flasks, and then heating the water to boiling. The aqueous extracts were evaporated nearly to dryness by heating them with a Bunsen burner, care being taken not to have the flasks more than half full at the beginning of boiling, and to prevent foaming by the addition of a small piece of paraffine to the contents of each flask.
The thimbles containing the insoluble residues were removed from the SOXHLET apparatus after the completion of the extraction with water and drained as free as possible from water. The part of the thimble which rose above the level of the powder within was cut off and rejected, and the remainder of the thimble containing the powder was placed in a KJELDAHL digesting flask and gently heated till nearly dry 1).
The phosphorus in each of the fractions thus obtained was determined by yon WEb~DT'S modification of :NEUMA~N'S method as follows 2):
To the contents of each digesting-flask was added 20 c. c. of a mixture of equal parts by volume of concentrated sulphuric acid 1) If more than a trace of water be present in this fraction, the subsequent addition of sulphurie and nitric acids causes excessive foaming.
2) A. NEU~AN~, Arch. (Sp. G. 1.84) and nitric acid (Sp. G. 1.4). The flasks were gradually heated until carbonisation was nearly complete and then strongly heated until white fumes began to be evolved. A few c. c. of strong nitric acid (Sp. G. 1.4) were then added drop by drop and the heating continued, fresh nitric acid being added from time to time, until the fluid was water-white, or extremely pale yellow, while hot, and water-white when cold. The contents of the flasks were now allowed to cool and then washed out into 1 litre ERLENMEYER flasks with the aid of 100 c. c. of distilled water. To this fluid was then added 50 e.e. of a 500/0 solution of ammonium nitrate and the mixture~ heated to boiling, when 60 e.c. of a mixture of equal parts of a 10O/o solution of ammonium molybdate and nitric acid (Sp. G. 1.2) were added and the mixture allowed to cool.
The cool mixture was then filtered through an S. and S. No. 589 ,Blue band, filter 15 era. in diameter, taking care to retain as much as possible of the precipitate in the flask. After all of the fluid had in this way been poured off the precipitate and the filter had thoroughly drained, the precipitate was suspended in 200 c. c. of cold distilled water, and this, after allowing the precipitate to settle, was also poured through the filter. This was repeated five times, at the end of which time the washings were neutral.
The filter and contained precipitate were then returned to the flask and from 50 to 75 e. e. of N/10 K0H and about 200 c. c. of distilled water added. In a short time the precipitate dissolves; if necessary the dissolution of the precipitate may be accelerated by gentle warming. The mixture is then titrated to neutrality against phenolphthalein with N/10 HC1. The neutral point can be correctly ascertained to within _--4-0.5 c. e. N/10 HC1.
The following were the results obtained: To one of the questions at issue, these results afford a decisive answer. The proportion of phosphorus which is present in the form of phospholipines (Lecithin, etc.) in Strongylocentrotus eggs diminishes progressively as development proceeds. To the question whether this diminution in lecithin-content is or is not accompanied by an increase in the nucleic-acid content, these data do not afford an answer, since the nucleic acid is doubtless distributed between the water-soluble and the insoluble fractions, together with various phosphorus-containing proteins and, possibly, certain inorganic salts.
It is of interest to observe that the process of development is accompanied by remarkable changes in the relative proportions of water-soluble and insoluble phosphorus and that these changes bear a definite relationship to well-marked morphological stages in development. The development of the eggs to blastulae is accompanied by a considerable increase in the proportion of water-soluble phosphorus and a decrease in the proportion of insoluble phosphorus. The further development of the blastulae to plutei is accompanied~ on the contrary, by a decrease in the proportion of water-soluble phosphorus and in increase in the proportion of insoluble phosphorus. In the absence of definite information concerning the nature of the substances contained in these fractions, it is, of course~ impossible to interpret these results.
Summary.
1) During the development of the eggs of Strongylocentrotus purpuratus to blastulae, the proportion of phosphorus which is present in the form of phospholipines (Lecithin, etc.) undergoes appreciable diminution. The further development of the blastulae into plutei is accompanied by a further diminution in the proportion of phospholipines present in the larvae.
2) The development of the eggs of Strongylocentrotus purpuratus to blastulae is accompanied by a considerable increase in the proportion of phosphorus which is soluble in boiling water and insoluble in alcohol, and by a decrease in the proportion of phosphorus which is insoluble either in alcohol or in boiling water. The further development of the larvae to plutei is accompanied, on the contrary, by a decrease in the proportion of water-soluble phosphorus and an increase in the proportion of insoluble phosphorus.
Zusammenfassung, 1) W~hrend der Entwicklung der Eier yon Strongylocentrotus purpuratus zu Blastulae unterliegt die relative Phosphormenge, welche in der Form yon Phospholipineu (Lecithin usw.) gegenw~irtig ist, einer merklichen Verringerung. Die weitere Eutwicklung der Blastulae zu Plutei ist yon einer weitereu Verringemng des Geb~ltes an Phospholipinen in der Larve begleitet.
2) Die Entwicklung der Eier yon Strongylocentrotuspurpuratus zu Blastulae ist yon einer betr~chtlichen Zunahme des Gehaites an Phosphor begleitet, der sich in kochendem Wasser liist, in Alkohol abel" unliislich ist, aber yon einer Abnahme des Gehaltes an Phosphor, der in Alkohol und kochendem Wasser gleich unliislich ist. Die weitere Entwicklung der Blastulae zu Plutei ist im Gegenteil yon einer Abnahme des Gehaltes an wasserliisliehem Phosphor und einer Zunahme des Gehaltes an uulSsiichem Phosphor begleitet.
(l~bersetzt yon W. Gebhardt.)
